Quaternary to Pliocene planktonic foraminifers of the Goban Spur, off the Irish coast, were investigated for their biostratigraphic and environmental significance.
INTRODUCTION
Quaternary sediments were recovered from three holes (Holes 548, 549A, and 550) that were drilled during Leg 80 in the northeastern Atlantic Ocean (Table 1 , Fig. 1 ).
These holes are located on a transect of the Goban Spur, a structural high in the Variscan basement that is blanketed by a relatively thin sedimentary cover (see site chapters, this volume) and follows an ENE-WSW trend on the northwest European Atlantic continental margin north of the Bay of Biscay.
The Quaternary sediments in Holes 550 and 549A are marly calcareous foraminifer nannofossil oozes (Lithologic Unit 1, site chapters, this volume). The upper Qua- ternary sediments in Hole 548 are of the same type, but the lower Pleistocene and Pliocene sediments are reddish to grayish clay and nannofossil oozes (Lithologic Units 2 and 3, site chapters, this volume). The planktonic foraminifers in the three holes are generally abundant and well preserved. They are seldom heavily damaged or broken, although they are affected to varying degrees by dissolution.
The purpose of this study is twofold. First, we wanted to recognize and define the biostratigraphic framework of the whole Quaternary sequence. We extended our observations several meters into Pliocene sediments in order to establish accurate biostratigraphic reference points for the correlation of the Pliocene/Quaternary boundary. Second, we wanted to determine within the Quaternary sequence the chief stages of climatic change and to estimate the temperature of surface water for summer and winter during these stages.
MATERIAL AND METHODS
Sampling that was random (with regard to the lithology) was carried out in the Hole 548 and 549A sediments; however, at least one sample was acquired per section. Because of the relatively high accumulation rate in the late Quaternary sediments in Hole 548 and the low accumulation rate at the base of the Quaternary sequence in Hole 549A (site chapters, this volume), we chose to consider the holes as complementary and used both to reconstruct a continuous and complete record of the Quaternary. It was possible to observe the biostratigraphic evolution of planktonic microfauna from the Pliocene upward in Hole 548 . In Hole 550 the Quaternary sequence recovered was short; it consisted of one core only.
Each sample (initial volume: 5-10 cm 3 ) was used to evaluate carbonate content. The samples were washed through standard sieves and weighed; the fraction sizes were > 150 µm, 150 to 63 µm, and <63 µm. Planktonic microfauna could be identified in the two larger size fractions. Abundances were established from the > 150 µm size fraction; they are based on no fewer than about 300 specimens.
The distribution of the different species in each hole is summarized in Tables 2 to 4 . The abundance, preservation, and dissolution of the planktonic microfauna are plotted for each sample.
REGIONAL FAUNAL ASSOCIATION
The present-day biocoenosis within the area investigated is an assemblage characteristic of temperate areas, and we have already determined the following specific proportions (Pujol, 1980) ; Globigerina pachyderma (leftcoiling), 1.5°/o; G. pachyderma (right-coiling), 29%; G. bulloides, 36%; G. quinqueloba, 10%; Globorotalia scitula, 2%; Globigerinita glutinata, 13%; Globorotalia inflata, 7%; Orbulina universa, 1%; Hastigerina siphonifera, <1%. In addition, there are a few specimens of TUrborotalita humilis, G. hirsuta, and G. truncatulinoides. The authors identified this microfauna as belonging to the biogeographic area of Globigerina pachyderma (right-coiling) . It corresponds to a subdivision of the subarctic and transitional assemblages recognized by .
The faunal assemblage observed in surficial marine sediments (recent thanatocoenosis) is made up of the same species.
The Quaternary species recognized on the Goban Spur are as follows: arctic fauna-G. pachyderma (left-coiling); subarctic fauna-G. pachyderma (right-coiling), G. bulloides, G. quinqueloba, Globigerinita uvula; transitional or winter subtropical fauna-Globorotalia scitula, G. inflata, Globigerinita glutinata, O. universa, H. siphonifera, Globorotalia truncatulinoides, G. hirsuta, T. humilis; summer subtropical fauna-Globigerinoides ruber, Globorotalia crassaformis div. sp., Globigerinoides conglobatus, Globigerina rubescens, G. falconensis, G. calida; tropical fauna-Globigerinoides trilobus, G. sacculiferus, Globorotalia menardii, Sphaeroidinella dehiscens, Globigerina digitata. Within the Pliocene sequence there were recognized Sphaeroidinellopsis seminulina, S. subdehiscens, Globorotalia margaritae, Globigerinoides obliquus, Globorotalia acostaensis, G. obesa, Globigerina atlantica, G. apertura, G. cariacoensis, Globorotalia crassula, G. triangula. Some of these are differentiated in morphotypes; others are grouped together.
FACTORS THAT DISTURB THE BIOSTRATIGRAPHIC RECORD
The transition of a planktonic foraminiferal biocoenosis to a thanatocoenosis and the preservation of the latter are subject to various factors that are related more or less directly to the submarine topography and the water depths of the different sites. Hole 548 was near the top of the continental slope that terminates the wide continental shelf (Fig. IB) . It was at 1256 m below sea level. Hole 549A was at the top of the Pendragon Escarpment, approximately halfway down the continental slope, at a water depth of 2535 m. Hole 550 was on the abyssal plain at 4432 m water depth.
Bathymetric position has effects with regard to both the reworking of displaced faunas and dissolution.
Reworked and Displaced Faunas
Reworked and displaced faunas occur in Hole 548 from Core 13 to Core 2, where a benthic microfauna that originated on the continental shelf was observed (Caralp, this volume). Some planktonic microfauna have also been displaced. Redeposition and also grain size sorting by turbidite or contour currents are manifested by the frequent occurrence at some levels of small-sized microfauna and the relative abundance of shell fragments and resistant large forms at other levels. We disregarded samples from these levels in developing the biostratigraphy and reconstructing the paleoclimate.
Dissolution
In most of the samples examined the microfauna is quite well preserved and shows very few signs of dissolution. Although Hole 550 was at a water depth of 4432 m, dissolution was not particularly pronounced. Nevertheless, several levels, reflecting climatic conditions comparable to the present, show quite distinct evidence of dissolution, with foraminifers slightly affected to damaged. At Holes 549A and 548 the fauna is badly damaged at a few levels also.
The dissolution of planktonic foraminiferal calcitic tests may destroy the faunal association in whole or in part. It changes the nature of the association, which is usually interpreted as reflecting near-surface environmental conditions. An interpretation of environmental conditions must therefore be either disregarded or treated with particular care during biostratigraphic and paleoclimatic analyses. Other factors that can affect environmental reconstruction are drifts and bioturbation, which may mix or disturb original faunal associations. Environmental studies should, to the extent possible, avoid samples affected by any of these factors.
BIOSTRATIGRAPHIC ZONATION
The biostratigraphy established in this paper for the Quaternary sequences is based on planktonic foraminifers. We used the same faunal elements and criteria for this biostratigraphy as we did elsewhere in the northeast Atlantic (Pujol, 1980) . 686 Table 2C . Distribution of planktonic foraminifers in Hole 548 . Members, 1976; Ruddiman and Mclntyre, 1976) . The biozonation must, therefore, take into account climatic fluctuations, which may be used to define bioclimatic subdivisions. These subdivisions are integrated with a biozonation that is defined by the following elements: species appearances and disappearances, the frequency and coiling ratio of Globigerina pachyderma, the presence and coiling ratio of Globorotalia hirsuta and G. truncatulinoides, and the presence of subtropical and tropical species (G. crassaformis, Globigerinoides ruber, G. conglobatus, and Globorotalia menardii) .
Four zones, two of which were divided into three subzones each, were distinguished within the sedimentary Pliocene-Quaternary sequence at Holes 548, 549A, and 550. Figure 2 shows these zones and the species events used to define them. The base of the Quaternary was placed at the (Berggren et al., 1980) . The Quaternary was divided into two zones, one of which had three subzones. Twenty-seven climatic subdivisions were recognized in the Quaternary, and three were recognized in the Pliocene.
Definition of Zones and Subzones
Zones are named after the taxon that appears at its base. Subzones are named after the most frequently occurring taxon. The zones are discussed below from the most recent to the oldest deposits. Zones that encompass a taxon^ entire range are called taxon range zones (TRZs); zones that span only part of a taxon's range are called partial range zones (PRZs).
Globorotalia truncatulinoides Zone (TRZ)
Base: first appearance of Globorotalia truncatulinoides Top: Recent (not defined) This taxon appears suddenly, without any evident phylogenic transition from its presumed ancestor, G. tosaensis. The taxon appeared 880,000 to 900,000 yr. ago in the upper part of the Jaramillo Event. The zone is subdivided into three subzones, which are discussed below from top to bottom.
TUrborotalita humilis Subzone (TRZ)
Base: first appearance of TUrborotalita humilis Top: Recent (not defined) 
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ta glutinata bigerin
Glo P R P P P P P P P P P P c c c This small species, which is seen most often in size fractions between 150 and 63 µm, has a limited vertical distribution at the latitude of the Bay of Biscay. In the northeast Atlantic, T. humilis is present only in the upper part of the postglacial period, or Isotopic Stage 1 (Pujol, 1980) .
Globorotalia hirsuta Subzone (PRZ)
Base: first appearance of Globorotalia hirsuta Top: first appearance of TUrborotalita humilis G. hirsuta appears in the northeast Atlantic (Pujol, 1980) close to the Pseudoemiliania lacunosa last appearance datum, that is, approximately 470,000 yr. ago (Thierstein et al., 1977) . This level is constant from the Azores Archipelago to Ireland in the regional distribution of the taxon.
Globorotalia truncatulinoides Subzone (PRZ)
Base: first appearance of Globorotalia truncatulinoides Top: first appearance of G. hirsuta
Globorotalia inflata Zone (PRZ) Base: disappearance of Globigerina atlantica Top: first appearance of Globoratalia truncatulinoides
This zone includes the upper part of the Pliocene and the early Quaternary. The taxon begins to occur more frequently and attains its characteristic form in the middle of the zone, close to the base of the Olduvai Event. The first period of glaciation, which is reflected in a sudden and important increase in Arctic fauna {Globi-gerina pachyderma, left-coiling), also takes place during the Olduvai Event.
Globigerina atlantica Zone (PRZ)
Base: disappearance of Globorotalia margaritae Top: disappearance of Globigerina atlantica Globoratalia crassaformis and G. crassula develop within this zone. The first G. inflata individuals evolve gradually from G. puncticulata. This zone is part of the late Pliocene. Two subzones were distinguished. They are described below from top to bottom.
Globorotalia crassaformis ronda Subzone (PRZ)
Base: first appearance of Globorotalia crassaformis ronda Top: disappearance of G. atlantica The last specimens observed of the G. puncticulata species were at the base of this subzone. The G. crassaformis group begins to develop at this level. Table 2 . 
QUATERNARY, PLIOCENE PLANKTONIC FORAMINIFERS
Note: Species order, abundance, preservation, and dissolution as defined in Table 2 . 
Globorotalia puncticulata Subzone (PRZ)
Base: last appearance of Globigerinoides obliquus Top: first appearance of Globorotalia crassaformis ronda G. aff. inßata appears at the top of this subzone and G. crassula at the base.
Globigerinoides obliquus Subzone (PRZ)
Base: disappearance of Globorotalia margaritae Top: disappearance of Globigerinoides obliquus Globorotalia margaritae Zone (taxon range not defined) Base: not observed Top: disappearance of Globorotalia margaritae This zone is assigned to the early Pliocene. The characteristics of this biozonation are intimately related to the climatic conditions that prevailed over the North Atlantic during the Quaternary. The location of the sites near the center of the zone affected by the movement of the polar front makes the biozonation particularly interesting.
However, no satisfactory comparison can be made with the tropical and equatorial regions, where the hydrology was not influenced by the polar (cold) water. Equatorial zonations (Blow, 1969; Ericson and Wollin, 1956 and 1968; Bolli and Premoli Suva, 1973; Pujol and Duprat, 1984) cannot therefore be accurately correlated with the biozonation we have developed.
Bioclimatic Subdivisons of the Quaternary
Quaternary climatic variations correspond to variations in the volume of ice. In the North Atlantic, the building up and the spreading out of ice caused the movement of glaciers toward low latitudes, and consequently the displacement of Arctic microfauna. The farthest south the glaciers moved was about 42 °N (CLIMAP Project Members, 1976) .
The variations in climate are reflected on the Goban Spur in an increase in Arctic planktonic microfauna (G. pachyderma, left-coiling). A high proportion of this form (90-100% sinistral) suggests the proximity or presence of polar water near the Goban Spur. Conversely, a low proportion of this taxon and the simultaneous presence of subtropical microfauna reflect postglacial and/or interglacial conditions.
We used the microfauna at the Goban Spur to divide the Quaternary into 27 bioclimatic episodes or subdivisions. Episodes that resemble the climate of the present day (warm climatic stages) are marked by odd Roman numerals. Cold climatic stages are marked by even Roman numerals. All the episodes are essentially biologic subdivisions. Chronological correlations were made later on. Because of greater faunal variability, warm episodes proved easier to differentiate than cold episodes. Figure 2 and the figures presented for each site show the distribution of the bioclimatic subdivisions.
The following observations may be made about the bioclimatic subdivisions. First, from the pattern of recent deposits, it appears that the T. humilis Subzone corresponds or is equivalent to Subdivision I and that the G. hirsuta Subzone corresponds to Subdivisions II to XIII (upper part). Subdivisions II, III, and IV correspond to the last glacial stage. Caralp (1971) and Caralp et al. (1974) investigated the equivalent period in the Bay of Biscay, although they used the usual Alpine nomenclature. The available samples permit only a weak differentiation of these episodes, although Episode III can be recognized as an interstage.
The base of Subdivision V is characterized by the disappearance of Globigerinoides conglobatus and the presence of Globorotalia crassaformis. The disappearance of both taxa was detected during the last interglacial period (Isotopic Stage 5) throughout the northest Atlantic at latitudes above 42°N (Pujol, 1980) . Subdivision VII is distinguished by a temporary increase in the proportion of sinistral G. truncatulinoides. Pujol, Duprat, et al. (1974) 
Subdivision IX is characterized by the brief presence of the tropical species G. menardii. The presence of this species, which was also observed in the Bay of Biscay, is worthy of mention because this is the only time this tropical species invades such high latitudes during the Quaternary. A similar invasion takes place close to the Azores Archipelago during Isotopic Stage 9 (Pujol, 1980) . Subdivision XI is difficult to term a warm stage. There is a slight dominance of the sinistral population of G. truncatulinoides.
Some forms considered a variety of G. inßata occur in very limited amounts during Subdivision XII.
The middle part of Subdivision XIII is marked by the appearance of Globorotalia hirsuta.
The subdivisions above are correlated respectively to Isotopic Stages 1 to 13, which could be recognized in Hole 548 in Cores 1 to 8 and in Hole 549A in Core 1 to Core 3, Section 2 (Vergnaud Grazzini et al., this volume) .
The G. truncatulinoides Subzone includes the lower part of Subdivision XIII to the upper part(?) of Subdivision XXIII.
Warm Episodes XV, XVII, XIX, and XXI (upper part) are normally characterized by a subtropical microfauna, the most significant species of which are G. truncatulinoides and G. crassaformis. The G. crassaformis species is represented by the subspecies ronda and hessi. Subdivision XIX is found at the Brunhes/Matuyama paleomagnetic reversal.
G. truncatulinoides appears in Subdivisions XXII to XXIII, which together may be considered synchronous to the base of the G. truncatulinoides Zone.
The base of the Quaternary (top of the Olduvai Event) is included in the upper part of the G. inflata Zone. Subdivisions XXIII(?) to XXVII are also part of the G. inflata Zone. Subdivision XXVIII, which is located within the Olduvai Event, corresponds to the first cold episode and is characterized by the frequent occurrence of Arctic microfauna. The first terrigenous evidence of icerafting was observed below this limit.
It was not possible to compare or correlate Subdivisions XIV to XXX with the isotopic stages recognized by Vergnaud Grazzini et al. (this volume) .
HOLE 548
In Hole 548, continuous coring with the hydraulic piston corer resulted in the nearly complete recovery of an excellent Quaternary and Pliocene sequence 211 m thick ( Fig. 3 and Table 2 ). Thirty-five cores were recovered. The top of the Olduvai Event was located at 101.1 m sub-bottom (Core 15, Section 1).
The Pliocene-Quaternary sequence consists of three lithologic units (site chapter, this volume). The first unit as one proceeds from top to bottom (Cores 1-8) is made up of alternating olive gray marly calcareous and nannofossil ooze. In Subunit la (from the surface to Core 7, Section 5), carbonate content varies widely (from 50 to 10%), with cyclical characteristics (Fig. 3A) . In Subunit lb (Core 7, Section 5 through Core 8), the range of the cyclical variation is lower.
Lithologic Unit 2 ranges from Core 9 through Core 15. The sediments consist of reddish or grayish clay and foraminifer-nannofossil oozes. The carbonate content is relatively constant in Cores 9 and 10 ( Fig. 3B) . Carbonate content decreases to a low value in Core 11, Section 4, close to the Brunhes/Matuyama paleomagnetic reversal. The underlying deposits undergo rather wide variations. Probably because of a decrease in accumulation rate, cycles are more difficult to identify than in the upper part of Unit I.
A third lithologic unit (Cores 16-35) consists of homogeneous greenish gray bioturbated nannofossil ooze. Variations in carbonate content are rapid down to Core 20 (Fig. 3C) . Below Core 20 the more scattered sampling does not allow the documentation of such variations as those above. Nevertheless, it is possible that the lithology within Unit 3 is uniform.
The maximum values of carbonate content correspond to maxima in the coarse (sand) fraction, and minimum values of carbonate content correspond to maxima in the fine grain size fraction (Fig. 3 ). There is a significant change in grain size in the Pliocene-Quaternary sequence at the base of Core 15. Sediments of very fine grain size predominate from Core 15 to 35; the sediments are practically free of a coarse fraction, in contrast to the coarse sediments in the upper part of the hole (Cores 1-15) .
All the biostratigraphic zones, subzones, and bioclimatic subdivisions described in the previous section were recognized in Hole 548. The lowest Quaternary sediments occur in Sample 548-15-1, 110-112 cm (the top of the Olduvai Event). The base of the Globorotalia truncatulinoides Zone, which is defined as the appearance of the taxon, occurs in Core 12, Section 1, 129-130 cm (during the Jaramillo Event). G. hirsuta occurs for the first time during the Brunhes Event (Core 7, Section 7, 10-13 cm, Fig. 3A) . Finally, TUrborotalita humilis appears only in Core 1, Section 1, 0-3 cm.
The thickness of the G. hirsuta Subzone indicates a rapid sedimentation rate that could be the result of supplementary supply from the continental shelf. The base of the subzone is marked by a sharp change in both lithology and carbonate content.
The disappearance of Globigerinoides conglobatus within Core 3, Section 2, 76-79 cm, occurs within climatic Subdivision V; Globorotalia menardii occurs only in climatic Subdivison IX (Core 5, Section 2, 77-78 cm), and G. inflata var. occurs only in climatic Subdivision XII (Core 7, Section 4).
The population of G. hirsuta is predominantly rightcoiling, but at the top of the hole (climatic Subdivisions II, III, and IV) it becomes predominantly left-coiling. It is dextral from its appearance in Subdivision XIII to Subdivision V. The population of G. truncatulinoides is predominantly right-coiling, although some sinistral pulsations or coiling ratio changes were noted in climatic Subdivisions V, IX, XI, and XIII.
In the G. truncatulinoides Subzone (Fig. 3B ) the sedimentation rate is lower than in the previous subzone. The planktonic foraminiferal assemblages during both warm and cold episodes are similar to the assemblages in the G. hirsuta Subzone. However, there is an important increase in the occurrence of G. pachyderma (rightcoiling) in Cores 11 and 12, an increase that defines a separate assemblage. The cold climatic subdivisions in this interval (XX and XXII) are characterized not by the Arctic species G. pachyderma (left-coiling) but by the subarctic dextral population. This assemblage persists until the upper part of the G. inflata Zone (Jaramillo Event). The Quaternary base, which is included in the upper G. inflata Zone, is characterized by cyclical variations in fauna in which G. pachyderma (left-coiling) again marks the cold episodes (Figs. 3B and 4) . The first incursion of a typical polar fauna occurs in Core 15, Section 4, that is, largely below the top of the Olduvai Event. The grain size of the sediment increases in Sample 548-15-6, 120-123 cm.
The transition between Pliocene and Quaternary sediments (G. inflata Zone) was observed between Core 16, Section 1, 140-141 cm and Core 16, Section 5, 10-11 cm. It is characterized by very fine-grained sediments containing very small micro fossils. G. inflata becomes abundant and morphologically typical above Core 25, Section 6, 30-33 cm; below that level it is quite rare and noncharacteristic.
Only the core catchers were analyzed in the Pliocene sequence from Cores 16 to 20 (Fig. 3C) . In this sequence the gradual evolution between G. puncticulata and G. inflata takes place.
G. crassula appears within the G. puncticulata Subzone. As shown in Figure 3D , the quite restricted range of this species is marked by a change from dominantly dextral at the bottom (Core 29) to dominantly sinistral at the top (Core 27). The opposite trend takes place during the Pliocene in the G. crassaformis population.
Finally, G. margaritae (always left-coiling) is found from the base of the hole to the core catcher for Core 31; it characterizes early Pliocene sediments.
HOLE 549A
The three cores examined from Hole 549A represent a Quaternary sequence 27 m long that corresponds to Table 3 ). The T. humilis Subzone is limited to Sample 549A-1-1, 39-42 cm.
The first occurrence of G. hirsutα was observed in Core 3, Section 2, 147-150 cm. It was not possible to determine the first occurrence of G. truncαtulinoides.
An examination of the coiling direction of G. pαchy-dermα from the top of this site shows a succession of warm episodes (in which there is an abundance of rightcoiling forms) and cold episodes (in which there is an abundance of left-coiling forms). The warm episodes correspond perfectly to the peaks in carbonate content. Thirteen bioclimatic subdivisions were distinguished within the T. humilis and G. hirsutα subzones. The hypothetical gap between Cores 2 and 3 mentioned above is reflected in a sudden change in faunal assemblage that takes place between Subdivisions XI and XII. It was difficult to determine the boundary between Subdivisions XII and XIII. The occurrence of G. inflαtα van in Core 3, Section 2 from 40-41 cm to 51-54 cm led us to locate Subdivision XII at these levels.
The disappearance of Globigerinoides conglobαtus was detected in Core 1, Section 4, 10-13 cm. Globorotαliα menαrdii occurs punctually in Core 2, Section 3, 107-113 cm. G. hirsutα is right-coiling in climatic Subdivision I and throughout most of the rest of its range; it is dominantly sinistral only in Subdivisions II, III, and IV.
For the G. truncαtulinoides species, three sinistral pulsations of the dominantly right-coiling population were observed in climatic Subdivisions VII, XI, and XIII.
The location of the Brunhes/Matuyama paleomagnetic reversal suggests that the sediment accumulation rate diminishes below the base of the G. hirsutα Subzone (Subdivision XIII), or approximately 470,000 yr. ago. The fluctuations in the coiling direction of G. pαchy-dermα allow us to define Subdivisions XIV to XXI but without any accuracy.
HOLE 550
Only one surficial core 5.5 m long was recovered from Hole 550 (Fig. 6) . The hole was at a water depth of 4432 m, and the sediments consist of Quaternary foraminifer-nannofossil oozes. The TUrborotalita humilis Subzone could be distinguished from the upper part of the Globoratalia hirsuta Subzone within the G. truncatulinoides Zone. In all, the first five climatic subdivisions could be recognized.
The T. humilis Subzone (climatic Subdivision I) extends into the uppermost sediments. The subzone corresponds to a peak in carbonate content. Subdivision V is characterized by the occurrence within the faunal assemblage of G. truncatulinoides, G. hirsuta, G. crassaformis, and Globigerinoides conglobatus.
Subdivisions II, III, and IV were inferred from the observations above.
SEDIMENTATION RATES
Average sedimentation rates were calculated from the preliminary chronological framework shown in Figure   7 . In Hole 548, important variations were observed between the late (Brunhes) and early Quaternary. A frequent and substantial displacement of sediments from the continent occurred during the late Quaternary (Caralp, this volume) . The lower Quaternary sediments, on the other hand, are relatively condensed. The average sedimentation rate of 11.5 cm/10 3 yr. from the late Quaternary of Hole 548 corresponds to the fairly high rate of sedimentation observed elsewhere in the North Atlantic. In Hole 549A the average sedimentation rate of 3 cm/ 10 3 yr. reflects strong sediment condensation during the Brunhes period. The estimated sedimentation rates in Hole 549A since 470,000 yr. ago and in Hole 550 are similar (Fig. 8) and represent a pelagic sedimentation rate that is normal for this region. Thus, the sediments that record the climatic cycles most accurately belong mainly to the late Quaternary between the Jaramillo period and the present. The recognition of the climatic cycles between the Olduvai and Jaramillo periods, an interval of fairly condensed sediments (1.6 cm/10 3 yr. in Hole 548) is problematic.
CORRELATION AND CHRONOLOGY OF LEG 80 SITES
Micropaleontological and lithologic data were used to develop the correlation between Holes 548, 549A, and 550 that is summarized below and in Figure 2 .
TUrborotαlitα humilis occurs in the uppermost part of the Quaternary sequence. This species defines an upper subzone within the Globorotalia truncatulinoides Zone. Climatic Subdivision I may be considered part of the postglacial period. A comparative study based on the surveys carried out in the Bay of Biscay Pujol, 1980) permitted the correlation of the T. humilis Subzone with Isotopic Stage I, in particular its upper part (down to the base of I B ), which is dated as being 8000 yr. old (Duplessy et al., 1981) .
The disappearance of Globigerinoides conglobatus in Subdivision V was observed in the Bay of Biscay and the northeast Atlantic at the base of Isotopic Stage 5 (an interval of maximum deglaciation). This event was dated as occurring 125,000 yr. ago. It suggests that Subdivisions II, III, and IV are part of the last glacial period. The occurrence of a sinistral Globorotalia hirsuta population (Figs. 3A and 5) confirms this hypothesis (Pujol, 1975; Pujol and Duprat, 1977) . Therefore, Subdivision V is correlated with Isotopic Stage 5. Further evidence of a warm interglacial period in Subdivision V is the brief occurrence of G. crassaformis and a pulsation toward a left-coiling G. truncatulinoides population in Hole 548 (Fig. 3A) . This pulsation was dated as occurring 105,000 to 110,000 yr. ago by extrapolating the sedimentation rate from an isotopic analysis of the Bay of Biscay and a region near Ireland (Pujol, 1980) . In Hole 549A, Subdivision VII is characterized by a sinistral pulsation of G. truncatulinoides (Fig. 5) . Similar observations were made of numerous samples acquired between the Azores Archipelago and the coast of Ireland at Isotopic Stage 7 (Pujol, 1980) . At these latitudes, the presence of G. menardii appears to be characteristic of Isotopic Stage 9 (Pujol, 1980) . This indicator could be given an age of about 300,000 yr.
The dominantly right-coiling G. truncatulinoides population in Subdivison XI has already been noted. Boundaries for this subzone can be defined only by using previously acquired data.
The first occurrence of G. hirsuta probably takes place in a subdivision equivalent to Isotopic Stage 13. The first occurrence of G. hirsuta was similar to this from the Azores to Ireland Pujol, 1980) . This datum serves to emphasize the transition between two different environments within the Brunhes period (Caralp, this volume) . The transition period is also characterized by the brief presence of G. inflata var.
The Brunhes/Matuyama reversal, which was dated as occurring 730,000 yr. ago by Berggren et al. (1980) , permitted the dating of Subdivision XIX and its probable correlation with Isotopic Stage 19. Between this reversal and the Jaramillo Event, climatic Subdivisions XIX, XX, and XXII to XXIII reflect a surficial hydrological environment distinguished by a high percentage of Globigerina pachyderma (right-coiling).
The first appearance of Globorotalia truncatulinoides occurs in Subdivision XXIII in the upper part of the Jaramillo Event, which is dated as occurring approximately 900,000 yr. ago. This estimate of age, which was proposed by Poore and Berggren (1975) after DSDP Leg 12 (Site 116; Hatton Rockall Basin) and used by Backman (1979) and Blanc (1981) , needs to be reconsidered.
The first glaciation, which is reflected in the occurrence of the Arctic fauna (Globigerina pachyderma, leftcoiling) takes place within the heart of the Olduvai Event. It reveals the existence of Subdivision XXVIII in the Globorotalia inflata Zone. The glaciation is, therefore, older than the base of the Quaternary (top of the Olduvai Event). The first evidence of an increase of the coarse terrigenous residue is detected at the base of the Olduvai Event (about 1,880,000 yr. ago).
At the base of the G. inflata Zone (Fig. 3B) , which occurs within the Pliocene, an interval may be distinguished on the basis of the fine grain size of its sediments. According to the definition we have given to the G. inflata Zone, this interval may be considered a Pliocene/Quaternary transition zone. The microfaunal assemblage and its patterns (Fig. 4) look very much like those discussed by Poore and Berggren (1975) at Site 116 (DSDP Leg 12).
The Pliocene sediments were sampled less frequently than the Quaternary sediments, so our analysis of them is less detailed. The analysis was performed primarily to acquire information about the period immediately preceding the Quaternary so we could assess the character- istics and gauge the development of the Quaternary micro fauna. Thus, the extinctions and appearances of the microfaunal species most often used to define zones and subzones are difficult to locate (date) with any accuracy. The disappearance of Globigerina atlantica clearly takes place in the upper Pliocene (below the Quaternary base). Its extinction cannot mark this base (Poore and Berggren, 1975; Berggren, 1972) . Compared with the study by Poore and Berggren (1975) , the interval between the FAD of Globorotalia crassaformis and the disappearance of G. margaritae (Fig. 3D) is too long (G. crassaformis appears too late). However, it is also true that it is difficult to date the disappearance of G. margaritae; the age proposed by Poore and Berggren of 3.3 m.y. appears rather old for this region, because it suggests a relatively low sedimentation rate, which seems to contradict the sedimentation rates for the underlying sediments. Estimates of chronological age should become more accurate as knowledge of the paleomagnetic scale improves.
PALEOCLIMATOLOGY
The recovery of a continuous Quaternary section permitted the paleoclimatology of these northern regions to be studied. The approach we adopted to reconstruct the climates was to assess the variations in physico-chemical parameters as revealed through the study of planktonic foraminifers.
Methodology
The method used was that developed by Imbrie and Kipp (1971) for the quantitative analysis of micropaleontological data. This method allows the quantitative estimation of the oceanographic variables that prevailed in the past. It is made up of three programs: CABFAC, REGRESS, and THREAD. The CABFAC program treats recent data (calculates percentages, performs standardization) and determines the chief components (performs a Q-mode factor analysis). In the REGRESS program, multiple regression analysis is used to define the relationships among factors and oceanographic variables. The regression analysis yields equations that are used in the THREAD program to estimate these oceanographic variables from factor loadings in samples for which these parameters are unknown.
Data and Material
Data are summarized in three matrices. The first covers the qualitative and quantitative analyses of recent thanatocoenosis and consists of regression equations. The samples used are those studied by Kipp (1976) , Kellog (1973 ), Pujol (1980 ), and Duprat (1983 . The matrix employed consists of 280 surface samples distributed throughout the North Atlantic from the Norwegian Sea to the Azores. The transfer function employed (FT 280) is that worked out by Duprat (1983) .
The second matrix consists of the physico-chemical variables that correspond to the sampling locations for the first matrix. The summer and winter temperatures used were those established by the U.S. Naval Oceanographic Office (1958 and 1967) .
The third matrix corresponds to faunal data for the sites investigated in this study. We used Cores 1 to 6 from Hole 549A and Cores 7 to 16 from Hole 548 for the biostratigraphic analysis. The matrix consists of 30 species and 146 samples.
Analytical Process
The CABFAC program distinguished six factors or assemblages. Each assemblage is defined according to its faunal content (Appendixes A and B). Their variance was as follows: 36.3% subarctic assemblage, 28.6% tropical assemblage, 16.2% arctic assemblage, 6.3% summer tropical assemblage, 4.9% winter tropical assemblage, and 2.3% gyre margin.
The distribution of these assemblages is approximately the same as described by Kipp (1976 ), Pujol (1980 , and Thiede (1977) ; it corresponds to the pattern found by Duprat (1983) .
The THREAD program, which dealt with the older levels of Holes 548 and 549A, responded fairly well at all the levels studied. The commonality observed was more than 0.90 at Hole 549A (Appendix B). Certain samples from Hole 548 showed commonalities of about 0.85. The commonalities for Hole 548, Core 8, Section 2, 90-91 cm; Core 8, Section 2, 140-147 cm; and Core 8, Section 3, 69-70 cm are respectively 0.71, 0.57, and 0.77.
Estimated Temperatures
The estimation of paleotemperatures for the Quaternary sequence has been the subject of numerous previous surveys, especially those performed by the CLI-MAP Program. The first attempt to develop temperature estimates focused on 18,000 yr. ago, a reference age for conditions of maximum glaciation (CLIMAP Project Members, 1976) .
Several studies in the North Atlantic went beyond this reference age to attempt to improve our understanding of glacial/interglacial changes. Recent data on paleotemperature estimates involve areas close to the investigation zone, that is, the eastern part of the North Atlantic gyre (Crowley, 1976) ; Ireland (Sancetta, Imbrie, Kipp, et al., 1972; Sancetta, Imbrie, and Kipp, 1973) ; the northeast Atlantic (Ruddiman and Glover, 1975; Ruddiman and Mclntyre, 1976; Mclntyre et al., 1976; Pujol, 1980) ; the Norwegian Sea (Kellog, 1977) ; and the Euroafrican margin and the Bay of Biscay (MolinaCruz and Thiede, 1978; Pujol, 1980) . However, these analyses usually concern only the last glacial cycle (0-127,000 yr. ago). The paleoclimatic analysis of the entire Quaternary sequence has rarely been studied in tropical zones (Briskin and Berggren, 1975) . This is, therefore, the first time that such an investigation has taken place in the middle latitudes, where climatic variations due to the movement of glaciers are significant .
Our estimates of the fluctuations through time of the summer and winter temperatures of surface water are given in Appendixes C and D and are summarized in Figures 9 and 10 , which show the whole Quaternary sequence and the Pliocene/Quaternary transition.
In Hole 549A, the estimates of present-day summer and winter surface water temperatures derived from a sample at the surface (1-4 cm m sub-bottom) are 16.9°C and 10.5°C. These temperatures correspond to the mean values given in the Atlas.
During periods of maximum glaciation (Isotopic Stage 2, 18,000 yr. ago), surface water temperatures are estimated to have averaged approximately 5.8°C in summer and 0°C in winter. These estimates correspond both to those found by the CLIMAP Project (CLIMAP Project Members, 1976) and to those found in more detailed studies of the North Atlantic by Pujol (1980) and Duprat (1983) . There is a difference of about 10°C between the present and glacial periods that is characteristic of the changes in geographic regions that are subject to intermittent glaciation. The lower summer and winter temperatures can be recognized in Subdivisions II, VI, XII, and XX in Hole 549A and in Subdivison XXVI in Hole 548. The warmer temperatures were observed in Subdivisions V, VII, IX, XIII, and XV at Hole 549A and XVII, XIX, XXI, and XXIX in Hole 548 (Figs. 9 and 10) . The difference between summer and winter temperatures within a single climatic period is on the order of 6°C (4.5°C to 8°C) and corresponds to present-day seasonal fluctuations.
The general pattern of temperature estimates shows that a slight general cooling takes place from Subdivision XIII to the present. In fact, a climatic deterioration occurred in the Quaternary sequence at Subdivision XIII, approximately 470,000 yr. ago.
CONCLUSIONS
The analysis of Quaternary planktonic microfauna acquired during Leg 80 from Holes 548, 549A, and 550 permitted various faunal assemblages or groupings of 24 species or varieties to be recognized. An investigation of the underlying Pliocene section revealed the presence of 11 of the most characteristic species. The biostratigraphic analysis covered 279 samples.
The biostratigraphy of the Quaternary sequence is based on the appearances and disappearances of specific taxa and on morphological variations (changes in coiling ratio) in several subtropical species. Bioclimatic differentiation of the sedimentary column in the Quaternary was made possible by observing faunal associations. The base of the Quaternary is located at the top of the Olduvai Event (1,720,000 yr. ago).
Three zones were recognized in the Pliocene. The upper zone (the Globoratalia inßata Zone) covers the Pliocene/Quaternary transition. The Quaternary (G. truncatulinoides taxonomic range Zone) is subdivided into three subzones: G. truncatulinoides, G. hirsuta, and Turborotalia humilis.
This biozonation applies to the northern part of the North Atlantic, which was subjected during the Quaternary to fluctuating climatic conditions and differs from conditions in tropical regions. Therefore a correlation of biozonations in these two domains does not yield satisfactory results. Climatic variations governed the microfaunal distribution, and about 30 bioclimatic subdivisions could be distinguished. A number of these subdivisions are comparable to the isotopic stages traditionally recognized in the Quaternary. The interpretation of these observations with respect to the paleomagnetic scale permits a chronological assessment to be made of the most important events.
The Pliocene/Quaternary boundary does not appear to be well marked in the planktonic foraminiferal assemblages. The first indication of cooling appears at the base of the Olduvai Event. The appearance of G. truncatulinoides, which is usually considered a marker of the Quaternary base, occurs at the Jaramillo Event.
The first appearance of G. hirsuta during Subdivision XIII accompanies an important lithologic and faunal change.
The distribution of most characteristic Pliocene taxa (such as G. margaritae and Globigerina atlantica) cannot be dated easily because of a lack of accurate paleomagnetic data.
Surficial Quaternary paleoenvironments in the North Atlantic were studied. Some 146 samples from Holes 549A and 548 yielded estimates of summer and winter surface water temperatures. Curves of these estimates corroborate the climatic subdivisions perceived on the basis of an examination of the microfauna.
During glacial stages the average summer water temperature was approximately 5.8°C; the average winter water temperature was approximately 0°C. For both seasons, the difference between the present and the glacial period is about 10°C. Within a given period (glacial or warm stage), the difference between summer and winter estimates is on the order of 6°C. Two climatic periods are distinguished in the Quaternary sequence; a change appears to occur approximately 470,000 yr. ago.
TAXONOMIC NOTES
This nonsystematic list consists only of the species and forms from the Goban Spur that are illustrated in the plates. The list of species and forms follows the order of the illustrations. For the Quaternary species, this order takes into account the species' present biogeographic distribution in the North Atlantic Ocean. The Pliocene species appear in alphabetical order after the Quaternary species. The specimens illustrated have been deposited in the paleotological collection of the Institut de Géologie du Bassin d'Aquitaine of the University of Bordeaux I (France). in the late Pliocene. Nevertheless, its characteristics lead us to illustrate this form near the recent subarctic species. Globigerinita glutinata (Egger) (PI. 3, . Globorotalia scitula (Brady) form 1 (PI. 3, Figs. 10, 13; PI. 4, . Globorotalia bermudezi (Rögl and Bolli) (PI. 3, Figs. 11, 12) . This species differs from the G. scitula form 1 mainly by its flat distal face and straight intercameral sutures. Inasmuch as its distribution resembles that of G. scitula form 1, both forms were analyzed under the name of the first for purposes of analysis. Globorotalia scitula (Brady) form 2 (PI. 3, Fig. 14; PI. 4, Figs. 1-2) .
This form corresponds well to the species description. It differs, however, by its size and its coarse perforated test. Its stratigraphic range distribution is also appreciably different; it was observed chiefly in the early Quaternary (Matuyama Epoch and base of Brunhes Epoch). 1-1, 1-1, 1-1, 1-1, 1-1, 1-2, 1-2, 1-2, 1-2, 1-3, 1-3, 1-3, 1-3, 1-4, 1-4, 1-4, 1-4, 1-4, 1-4, 1-4, 1-5, 1-5, 1-5, 2-1, 2-1, 2-1, 2-1, 2-1, ?-1, 2-2, 2-2, 2-2, 2-2, 2-2, 2-3, 2-2, 2-3, 2-3, 2-3, 2-4, 2-4, 2-4, 2-4, 2-5, 2-5, 2-5, 2-5, 2-6, 2-6, 2-6, 3-1, [3] [4] [3] [4] [3] [4] [3] [4] [3] [4] [5] [3] [4] [5] [3] [4] [5] [3] [4] [5] [3] [4] [5] [6] [3] [4] [5] [6] [3] [4] [5] [6] 3CC 1-4 8-11 39-42 42-45 137-140 
